Abstract: Among the fungal diseases, sheath blight, caused by multinucleate Rhizoctoniasolani Kuhn (teleomorph: Thanatephorus cucumeris Donk), a ubiquitous pathogen, is an important fungal disease of rice ranking only after blast and often rivalling it. The potential losses due to sheath blight alone in India has been up to 51.3%. In this study an attempt was made to investigate the antifungal efficacy of botanicals viz., neem (Azadirachtaindica), tulsi (Ocimum sanctum), garlic (Allium sativum), onion (Allium cepa), ginger (Zingiberofficinale) and various fungicides namely mancozeb, propiconazole, hexaconazole, carbendazim, and copper oxychlorideagainst Rhizoctoniasolani in vitro by poison food technique. R. solaniwas allowed to grow at 5%, 10% concentrations of botanicals and at 200, 500, 1000ppm of fungicides amended potato dextrose agar (PDA) medium. The effect of botanicals and fungicides on mycelial growth inhibition was recorded after 36, 48 and 72 post hrs inoculation (phi). It was observed that bulb extract of Allium sativumand rhizome extract of Zingiberofficinalesuppressed the mycelial growth (80.19 and 76.32, respectively) @ 10% followed by leaf extract of Azadirachtaindica(72.78 %) after 72 phi. Among the fungicides, the complete fungal growth inhibition was observed in propiconazole and carbendazim fungicides amended medium.
INTRODUCTION
Rice (Oryza sativa L.) is the most important staple food crop and grown in India providing of 43% of calorie requirement for more than 70.0% of the Indian population of the world. Globally, rice annual production of around 497.9 million tonnes with average productivity of 3.9 tonnes/ha (Anonymous, 2016) . The annual production of rice in the country is around 103.36 million tonnes (Anonymous, 2016) and the average productivity in the country across all the ecosystems is still around 2 tonnes/hectare of milled rice. In India, Uttar Pradesh ranks 3 rd in the production of rice. The annual rice production is around 12 metric tons with the average productivity of about 2 tons/ha (Dwivedi, 2014) . Rice cultivation is often subjected to several biotic stresses of which diseases like blast, sheath blight, stem rot and bacterial blight are the important ones (Kumar et al., 2009) . Sheath blight in rice is an important soil-borne fungal disease (Rhizoctonia solani Kuhn) causing up to 25% of yield losses (Zhenget al., 2013) . The disease was first reported from Japan in 1910 by Miyake, who named the causal organism Sclerotiumirrular (Miyake, 1910) . Subsequently, in Sri Lanka, China and the Philippines the ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org pathogen was identified as Rhizoctonia solani (Park and Bertus, 1932; Wei, 1934; Reinking, 1918) . In India, the first report of its occurrence was by Paracer and Chahal (1963) from Gurudashpur, Punjab and later it was reported from Uttar Pradesh (Kohli, 1966) . Presently, no strong genetic sources of resistance are reported against rice sheath blight disease. The rice sheath blight resistance among the cultivable varieties in India currently ranges only from very susceptible to moderately resistant (Kumar et al., 2009) . Therefore, integrated management of this disease below its economic threshold is important for increasing the production, productivity and quality of the produce. The use of botanicals in the management of rice sheath blight is gaining importance of late. Different plant extracts are being used all over the world and among them; neem formulations are very effective in controlling the sheath blight incidence as well as in increasing grain yields (Biswas, 2007) . Tomato and escarole green manure were reported as the most suppressive ones in suppressing of R. solani damping-off on Lepidiumsativum (Pane et al., 2011) . Plant extracts that can control the growth of R. solani are the extraction of garlic bulb with saponins, extraction of Piceaneoveitchiiwith four flavonoids (Song et al., 2011) , cauliflower with caulilexins (Soledadeet al., 2006) , extraction of Anemarrhenaasphodeloides rhizomes with nyasol (Z)-1, 3-bis (4-hydroxyphenyl)-1.4-pentadiene (Park et al., 2003) . Brassica juncea, B.napus, and Sinapis alba which are added to the soil can protect wheat from rot root of R. solani (Handiseniet al., 2013) . Application of fungicidal mixtures and pesticides for teh control of pest and diseases is common in rice. The compatibility of these chemicals is a pre-requisite for effective management of these biotic diseases. Field studies indicated that combined application of the insecticide imidacloprid (Confidor 200 SL) at 0.25ml/L and the fungicide validamycin (Rhizocin 3L) at 2.5 ml/ L were high compatible and effective in reducing plant hopper and Sheath blight incidence besides contributing to yield increase (Bhanuet al.,2007) . Management of this pathogen using varies fungicides such as Carbendazim 50% WP, Copper oxychloride 50% WP, Hexaconazole 5% SC, and Mancozeb 75% WP has been reported (Ranjanet al., 2005; Kumar et al. 2009; Srirajet al., 2014) . Hence, considering economic importance of the crop and the disease, the present investigation was undertaken to evaluate the efficacy of botanicals and commercial fungicides against R. solani and to find out the suitable management practice to mitigate the disease.
MATERIALS AND METHODS
In vitro effect of botanicals on radial growth of R. solani: Efficacy of five plants extract viz., leaves of Neem and Tulsi, Bulb of Garlic and Onion and Rhizome of Ginger which were found most effective against R. solani among 16 botanicals (Verma, 2011) were assessed. The detailed description of plants and their parts used in this study are given in Table 1 . Fresh leaves, bulb and rhizome were collected and washed thoroughly in double distilled water. Hundred gram of each washed plant material was grinded in Pestle and Mortar by adding equal amount (100 ml) of sterilized water (1: 1 w/v) and heated at 80 0 C for 10 min in hot water both. The materials was filtered through double layered muslin cloth followed by filtering through sterilized What man No. 1 filter paper and treated as standard plant extract (100%). The 5.0% and 10.0% concentration was made by adding in requisite amount of sterilized potato dextrose agar medium.From the stock solution of these extract 5ml and 10 ml solution were added to 95.0 and 90.0 ml of sterilized cooled potato dextrose agar medium. The flasks were thoroughly mixed to obtain a homogenous mixture of the extracts and potato dextrose agar medium under aseptic condition before pouring it into the petridishes. 20 ml medium was poured into each petridishes, 5 treatments having four replications were maintained. Control treatment was maintained by pouring potato dextrose agar medium without plant extracts. The five mm discs of four days old culture of R. solani were cut with sterilized cork borer and placed in the centre of petridish contain botanicals amended PDA medium. The fungus grown on PDA without plant extracts served as control. The plates were incubated at 26±1 0 C in BOD. The observations were recorded at 36, 48 and 72 post hrs inoculation. The growth diameter was recorded and percent inhibition was calculated In vitro efficacy of fungicides on mycelial growth of R. solani: Fungicides evaluation was carried out for their efficacy to inhibit the mycelial growth of R.solaniisolates by "poisoned food technique". The fungicides viz., copper oxichloride, mancozeb, carbendazimhexaconazole and propiconazole were used at concentrations of 200 ppm, 500 ppm and 1000 ppm Table 2 . Stock solution of each fungicide was prepared in distilled water and incorporated into Potato dextrose agar medium and mixed thoroughly before autoclaving. After autoclaving the medium was poured aseptically in sterilized Petri plates of 9 cm size in inoculation chamber and allowed to cool. Mycelial plugs of the pathogens (5 mm) taken from a seven days old culture was placed at the centre of each Petri plate and incubated at 27 0 C. Three replications were maintained for each treatment. The experiment was arranged in a completely randomized block design. The fungus grown on PDA without any fungicides served as control. The radial growth of colony was recorded at 36, 48, 72 post hour inoculation and the percent growth inhibition was calculated by using formula (Vincent, 1947) .
Where, I = Per cent inhibition of fungal growth C = Radial growth of control T = Radial growth of treated Petridis.
RESULTS AND DISCUSSION
In vitro effect of botanicals on radial growth of R. solani: Allium sativum(garlic) bulb extract showed maximum inhibition of 59.01% and 80.19% @ 5% and 10% concentration respectively at 72 hours post inoculation and it was found significantly superior to other extracts Table 3 . This was followed by rhizome extract of Zingiberofficinale(ginger) and Azadirachtaindica (neem) leaf extract which showed an inhibition of 76.32% and 72.78% respectively, @ 10% concentration at 72 hours post inoculation. All the five aqueous plants extract showed less mycelial growth inhibition at 5% concentration as compare to 10% concentration of plants extract. Plant extract are not only easy to prepare but also nonpolluting to the environment and low priced as compare to commercial fungicides. This is supported by x100 C T C I   Vipin Kumar et al. / J. Appl. & Nat. Sci. 9 (4): 1916 -1920 the work of Alibi and Olorunju (2004) . In their studies, plants sprayed with neem seed extract gave yields higher than the plants sprayed with black soap and cow dung extract. Mishra et al. (2005) also found Zingiberofficinale, Ocimum sanctum; Azadirachtaindica and Allium cepa were effective against R. solani causing web blight disease in green gram. Yadav, (2007) found out of 8 plant extracts, Garlic extract gave maximum inhibition in mycelial growth followed by Ginger, Neem, Onion, Dhatura, Tulsi against R. solani causing web blight of French bean. Gurjaret al. (2012) reported that A. indica and A. vera showed inhibition of mycelial growth of the pathogen and can be utilized for the management of fungal diseases caused by the Aspergillusniger, Aspergillusflavus,R. solani, R. bataticola.Srirajet al. (2014) found Madhucalongifoliaseed and oil extract most effective among the nine botanicals tested against the leaf blight of turmeric. In the present study, garlic bulb extract showed maximum inhibition and it was significantly superior to other plant extract. All the tested botanicals (Neem, Tulsi, Garlic, Onion and Ginger) showed mycelial growth inhibition of R. solani over the control. In vitro efficacy of fungicides on mycelial growth of R. solani: Propiconazole and carbendazim were individually effective against the pathogen even at the lowest concentration of 200 ppm by maximum inhibiting the mycelial growth and sclerotia formation. At 1000 ppm these fungicides completely inhibited the mycelial growth of R. solani. It was significantly superior over other fungicides and on par with each other. It was followed by mancozeb, hexaconazole and copper oxVipin Kumar et al. / J. Appl. & Nat. Sci. 9 (4): 1916 -1920 ychloride at 500 ppm (Table 4 ). The least effective fungicides were mancozeb and copper oxychloride (98.24% and 97.19% respectively at 1000 ppm). It was noted that as the concentration of fungicides increased, the mycelial inhibition and sclerotial formation was arrested. Hunjanet al. (2012) reported that fungicides viz., trifloxystrobin+ tebuconazole, tebuconazole and propiconazole showed higher level of efficacy against R. solani of rice in laboratory conditions. Among the new formulations, Nativo and Bavistin were individually effective against the pathogen in inhibiting the mycelia growth and sclerotial production at lower concentration (Srirajet al. 2014 ). Tiwariet al. (2002 reported that propiconazole and hexaconazole at 1000 ppm concentration completely inhibit the radial growth Rhizoctoniasolani. Gupta (2002) also reported that carbendazim inhibited 95-100 per cent radial growth of Rhizoctoniasolani. In the present study, among different fungicides screened for R. solani, propiconazole and carbendazim were individually effective against the pathogen in inhibiting the mycelial growth and sclerotial production even at the lowest concentration of 200 ppm.
Conclusion
In the present study, the different botanicals and fungicides showed as effective control agents against R. solani though their efficacy varied among botanicals and fungicides. It was observed that among the five tested botanicals garlic bulb extract @ 10% concentration show maximum mycelial growth inhibition of R. solani under in vitro condition, and among the five fungicide propiconazeb and carbendazim @ 1000 ppm showed complete fungal mycelia growth inhibition of R. solani. Further studies are needed on these promising botanicals to identify potential compounds produced and evaluate other possible mode of actions before going to field studies. 
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